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Abstract

Introduction

Shuai Shou Gong (SSG) is a type of Arm Swing Exercise (ASE) developed and practiced
especially by older people in China for over one thousand years to maintain physical health
and well-being. Until now the potential benefits of SSG have not been investigated in a Ran-
domised Control Trial (RCT).

Materials and methods

Fifty six older women were recruited from each of two urban communities in Khon Kaen,
Thailand. One community was randomly assigned as the Exercise Group (mean age 68.3
years, standard deviation 5.6 years) and the other as the Control Group (69.4 years, 4.4
years). The Exercise Group performed SSG for 40 minutes, three days per week for two
months, whereas the Control Group maintained their usual daily life. Measurements of Pos-
ture (C7 to Wall Distance (C7WD), Standing Height (SH), Flexibility (Back Scratch of Left
and Right arms (BSL and BSR) and Chair Sit and Reach of Left and Right legs (CSRL and
CSRR), Gait (Timed Up and Go (TUG)), and Cognition (Barthel Activities of Daily Living
Index (BADL) and Rosenberg Self Esteem Scale (RSES) questionnaires) were recorded for
each group prior to, on day 1, week 4, and week 8 of the SSG training.

Results

The 8 week SSG training course produced a significant interaction between group and time
for the combined set of all outcome measures (C7WD, SH, BSL, BSR, CSRL, CSRR, TUG,
BADL, and BSES) (Modified ANOVA-Type Statistic (MATS) p-value < 0.001) and for the
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four categories of Posture, Flexibility, Gait, and Cognition (all Wald-Type Statistic (WTS) p-
values < 0.05) and in all cases the changes in the Exercise Group were in the direction pre-
dicted to be beneficial. No significant interaction effect between time and group was found
after either one session or four weeks of SSG training for any of the categories (all WTS p >
0.05) with significant effects only arising after eight weeks (all WTS p < 0.05). Thus although
alterations were shown to be increasingly beneficial over time the minimum period required
to produce a statistically significant benefit from performing SSG training was 8 weeks. For
the Control Group no significant changes were identified for Posture, Flexibility and Cogni-
tion however a significant deterioration was observed in TUG (WTS p = 0.003).

Conclusions

SSG is a holistic, gentle, rhythmic, whole body sequence of movements that may be readily
learned and enjoyed in a group setting and has been confirmed in an RCT study of older
adult females to produce significant benefits in Posture, Flexibility, Gait and Cognition.

Introduction

Older adults often develop so-called flexed posture, also referred to as slumped posture. The
principal features are forward head position, thoracic kyphosis, lumbar lordosis and hip flex-
ion [1], together with rigidity and alterations in gait, including slower walking speed, and
shorter stride and step length [2]. These changes can seriously affect daily functioning, health,
and quality of life 3, 4], producing such symptoms as increased neck pain, headaches,
migrane, tempomandibular joint dysfunction, teeth clenching, decreased neck mobility,
pinched nerves, numbness, tingling in arms and hands, muscle spasm and myofascial pain
syndrome. Of special interest in the present study is whether forward head posture can be
reversed by exercise. In particular, the potential benefits of Shuai Shou Gong (SSG), which is a
type of Arm Swing Exercise (ASE), were investigated in a Randomised Control Trial (RCT).

SSG was first mentioned in the book of Dharma Yi Jin Jing more than a thousand years ago
and is a branch of traditional Chinese Qi Gong which aims to support the maintenance of
physical well-being [5]. In Traditional Chinese Medicine (TCM), SSG is considered to facili-
tate the circulation of Qi in the body and so nourish the internal organs, promote recovery
from illnesses and provide positive benefits to general health. The low-intensity physical SSG
exercise [6, 7] consists of a repeated set of easy to learn, relatively small amplitude, slow, rhyth-
mic and coordinated movements of the arms and body [8]. The core muscle contractions pro-
duced by rhythmic swinging of the arms and bending of the knees during the performance of
SSG can be expected to increase muscle strength and joint range of motion, with likely benefi-
cial effects on posture, flexibility and gait.

Qi Gong exercises such as SSG are additionally considered to be a type of meditation pro-
viding benefits for psychological health and well-being [9]. In particular, as will be described
in the Methods section below, SSG also has an important cognitive component stemming
from the fact the first four arms swings are performed with the participant standing upright
but on the last occasion a double arm swing is performed, in synchrony with the bending and
then straightening of the legs (see Fig 2).

SSG exercise is gentle and may be readily taken up and practiced by interested groups of
older adults within a community. For this reason SSG has frequently been used by researchers
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interested in studying the benefits of exercise for promoting health in older populations. For

example, several studies have been performed to investigate the effect of SSG exercise on the

physiology of older adults in community settings [10-14] and also patients with obesity [15],
diabetes [16-19] and heart disease [20]. The particular effect of SSG on cognitive function in
older subjects has also been investigated [21-23], although it would appear that the protocols
used did not always fully and accurately incorporate all the customary elements.

Taken together the combined physical, cognitive and social aspects of SSG make it a partic-
ularly potent form of exercise. The primary objective of the present study was to investigate in
a randomised controlled trial (RCT) whether a community based two month training program
of SSG, performed exactly according to the long-established prescription of TCM, would pro-
duce predicted improvements in posture, flexibility, gait and cognition in a group of older
women compared to a control group.

Materials and methods
Experimental design and setting

The experimental design for the study is a prospective, cluster-based Randomized Controlled
Trial (RCT). There are a total of 95 communities in Khon Kaen province, Thailand. The lead
investigator ZX opened up discussions with the leaders of ten different communities, to whom
they had been introduced by a senior staff member at Khon Kaen University (KKU), regarding
whether the community they represented would be interested to participate in the study. The
ten communities were relatively close to KKU which would make administration of the SSG
training programme more straightforward and were similar in terms of socioeconomic and
other demographic factors. The decision was made that as soon as two communities con-
firmed that they would like to participate the study would proceed. Thus the names of these
two communities were each placed inside a sealed envelope and by random selection by ZX
the first community to be drawn was assigned to be the Exercise Group and the second com-
munity to be the Control Group.

Since, as already mentioned, of special interest in the present study is whether SSG training
can have a beneficial effect on forward head posture which develops in many older adults, sam-
ple size for the Exercise and Control Groups was chosen based on a previous study of the effect
of an intervention which aimed to improve posture. In particular, data obtained by Widberg
et al. (2009) [24] in a study to investigate the effect of self and manual mobilization for improv-
ing posture in 32 men with ankylosing spondylitis were analysed. Improvement was deter-
mined according to whether mobilization produced a significant reduction in the value of
C7WD (i.e. the distance from the spinous process of the seventh cervical vertebra to a wall
immediately behind the participant). For the Training Group, the pre-training average value
of C7WD was 5.2 cm (standard deviation (SD) 1.8 cm) and was reduced to 3.9 cm after the
training program (SD 1.4 cm), whereas there was no change in the corresponding values for
the Control Group. Based on these findings, if the present study of SSG was to have a power of
90% to detect a similar change with alpha level = 0.01 then there would need to be at least 21
participants in each Group. Thus, to allow for a potential drop-out rate of 25% it was decided
to recruit 28 participants to each of the Exercise Group and the Control Group.

The study was approved by the Research Ethics Committee of Khon Kaen University, Thai-
land on 1 March 2019 (HE 612355), and was registered retrospectively with the Clinical Trials
Registry of Thailand on 9 July 2020 (TCTR20200709001) consistent with procedures for RCT's
in which no medications are prescribed. The authors confirm that all ongoing and related trials
for this intervention are registered. Recruitment took place between 10 March and 31 October
2019 and all participants gave fully informed written consent of their willingness to
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participate. The CONSORT 2010 Flow Diagram containing details of participant enrolment
and progress through the RCT is displayed in Fig 1.

Participants

Inclusion criteria were women aged 60 to 80 years living in Khon Kaen who discussed their
participation with their community doctor. Although not used as a screening procedure the
blood pressure of each participant was measured before the study commenced. In particular,
blood pressure was measured by using a Omron HEM-7124 blood pressure monitor (Omron
Healthcare Company Limited, Kyoto, Japan). The whole measurement process is almost auto-
matic. The cuff is placed around the bare arm 1 to 2 cm above the elbow joint. The device is
then turned on and the cuff inflates automatically to start the measurement, deflates when the
measurement has been taken and the blood pressure reading appears automatically on the

== CONSORT

L7, I TRANSPARENT REPORTING of TRIALS

[ Enrollment ] Assessed fqr eligibility (n= 10
villages)

Excluded (n=0)

+ Not meeting inclusion criteria (n= 0)
> Declined to participate (n= 0)

+ Other reasons (n=0)

Randomized (n= 10
villages)

b

Y [ Allocation ] v
Allocated to intervention (1 village, n= 28) Allocated to intervention (1 village, n= 28)
+ Received allocated intervention (n= 28) + Received allocated intervention (n= 28)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)

y { Follow-Up ] y
-« J
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n= 0)
y [ Analysis ] v
Analysed (n=28) Analysed (n= 28)
+ Excluded from analysis (give reasons) (n= 0) + Excluded from analysis (give reasons) (n=0)

Fig 1. CONSORT 2010 flow diagram containing details of participant enrolment and progress through the RCT.
https://doi.org/10.1371/journal.pone.0282405.9001
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screen. Mean Arterial Pressure (MAP) is the average pressure in a person’s blood vessels dur-
ing the cardiac cycle and was estimated by using a formula in which the lower (diastolic) pres-
sure is doubled and added to the higher (systolic) pressure and the composite sum is then
divided by three. This calculation accounts for the fact that the period of diastole lasts approxi-
mately twice as long as the period of systole. Low MAP can cause inadequate blood flow to
organs, syncope and shock and high MAP contributes to increased oxygen demand by the
heart, ventricular remodeling, vascular injury, organ damage and stroke. A small number of
subjects had elevated blood pressure or high blood pressure of stage 1 or 2 as defined by the
American Heart Association but were still encouraged to participate by their doctor on the
basis that the low intensity physical exercise could be beneficial for their health and were
appropriately monitored, including regular measurement of blood pressure, throughout the
study.

Participants were also required to have good mental faculties and ability to communicate
with the investigators in Thai or another language, normal recognition of people, time and
place as tested using the Thai version of the Mini-Mental State Examination. Exclusion criteria
were serious joint pain, disease or injury that contra-indicated performance of SSG exercise,
history of diseases affecting movement, history of major injury due to a fall in the previous
year, smoking or alcohol consumption. Additionally, participants should not have regularly
performed physical exercise during the past 6 months.

Recruitment of participants proceeded smoothly. This was due to their being great enthusi-
asm to participate, not only by members of the Exercise group but also by members of the
Control group who knew that they would be offered the SSG training, albeit without recording
of outcome measures, later in the study. Entry to the study was on a first come first served
basis in each group and, provided that the subject who had signed up met the relevant inclu-
sion and exclusion criteria, they were enrolled. The target of 28 participants in each group was
achieved within 2 weeks of the invitation being given to the Community and there were no
dropouts.

SSG training program

The lead investigator is a Professionally Certified SSG Instructor and taught the SSG exercise
to two co-investigators who each led groups of 14 women into which the Exercise Group was
divided for convenient supervision of the SSG training. The two group leaders acted as man-
ager of their respective groups during the study period. During the two months that the Exer-
cise Group underwent SSG training, the women in the Control Group continued their normal
life and after the experiment was completed, as had been offered at the time of recruitment,
received the same SSG training program as the Control Group but without any measurements
being recorded.

When performing SSG, and for the measurements of Posture, Flexibility and Gait, partici-
pants wore loose, comfortable sportswear and flat shoes. The 8 week training program com-
prised three SSG sessions per week, each lasting 40 minutes [25]. A detailed demonstration of
SSG was given and any questions that the participants had were addressed. All relevant infor-
mation was also distributed to the participants in written documents. Throughout the eight
week SSG training program, the lead investigator, the two group leaders and seven volunteers
led the 28 women of the Exercise Group in performing SSG together. They organized and sup-
ported the SSG training sessions, checked that the SSG exercise was performed safely and cor-
rectly and recorded the outcome measures to be described below. SSG is a low-intensity
exercise and heart rate should be increased by no more than 40-50%. To help ensure this was
the case, metronomes and music were played to control the rhythm of the exercise.
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Each SSG training session was divided into three parts comprising Warm-up, SSG exercise
and Cool-down. The 5 minute Warm-up included 30 second intervals of each of the following,
raising the neck up and down, shoulder circles, cross arm swings, forward arm swings, wrist cir-
cles, trunk twists, knee bends and ankle circles. Next, the SSG exercise (Fig 2) was performed
for 30 minutes. The participant stood with their feet shoulder-width apart with their arms hang-
ing comfortably at their side. They then raised their arms out in front to shoulder-height with
comfortably straight fingers and performed repeated cycles of movements each comprising of
five arm-swings. For the first four-arm swings, remaining upright and keeping their neck and
trunk aligned vertically, the participant swung their arms backward and then forward naturally,
breathing out through the nose during the backward-swing and in on the forward swing,
according to the preset tempo of the metronome. The fifth swing was however different to the
rest, with the participant bending their knees one time in synchrony with the backward swing
and then a second time in synchrony with the forward swing. The same cycle of five arm swings
was repeated throughout the exercise and participants were instructed to swing their arms
rhythmically in time with the metronome and music and in a relaxed manner [26]. To assist the
participants in developing fitness and stamina in performing the SSG exercise the metronome
and music were set so that participants performed 15 arm swings per minute during the first 2
weeks of SSG training, 20 arm swings per minute during weeks 3 to 4, and 25 arm swings per
minute during weeks 5 to 8. There was a two-minute break halfway through the 30 minutes of
SSG. The approximately 5-minute Cool-down included 40-second intervals of each of the fol-
lowing, neck side stretch, shoulder and upper back stretch, triceps stretch, back stretch, calf
stretch, ankle circles and reach for the stars. The following outcome measures were obtained
immediately following the first session of SSG on day 1, and again after 4 and 8 weeks, with the
latter two recordings being made one day after the relevant SSG session.

Fig 2. Illustration of Shuai Shou Gong (SSG) exercise. For the first four arm swings the participant maintains their full
height and on the fifth swing bends at the knees, once in synchrony with the backward swing and a second time in
synchrony with the forward swing. This same cycle of five arm swings is repeated throughout the period for which the
exercise is performed.

https://doi.org/10.1371/journal.pone.0282405.9002
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Outcome measures

[1] Measurement of posture. The primary measure of Posture that was assessed is C7 to
Wall Distance (C7WD) and was measured using metal calipers and a rigid ruler [27]. The par-
ticipant stood upright with their back and buttocks against a wall and were instructed to stand
relaxed and look straight ahead. The spinous process of the seventh cervical vertebra (C7) was
palpated and holding the metal caliper horizontally the investigator made light contact of the
tips of the caliper with the position of C7 and the wall, respectively. The distance between the
tips of the caliper was then measured by using a ruler [28]. The measurement was repeated
three times and the mean value recorded. Measures of CZWD have been reported to show
excellent intra-rater repeatability and inter-rater reproducibility [29]. The Standing Height
(SH) of participants was also measured using a high precision stadiometer.

[2] Measurement of flexibility. The Back Scratch test is part of a protocol designed to test
upper body flexibility and range of joint motion [30]. In a standing position, participants
placed one hand over the shoulder on the same side and with the palm lying against the back
extended the fingers as far down the back as possible. The back of the other hand was placed
on the back and the fingers extended upward, to attempt to meet the fingers of the hand reach-
ing down from over the shoulder. The fingers of the two hands were aligned and the distance
between the tips of the middle fingers of each hand was measured. The measurement was
repeated three times for the left (BSL) and right sides (BSR), in random order, and the average
value recorded.

Flexibility was also measured using the Chair Sit and Reach (CSR) test [31-33]. For this test
participants sat at the front of a chair, with one leg bent at the knee and the other extended for-
ward. On an outbreath, the participant reached forward with the palm of the hand of the oppo-
site side of the body to touch the shin of the outstretched leg as close to the toes as could be
managed comfortably. The distance between the tip of the middle finger of the hand touching
the shin and the tip of the big toe of the outstretched leg was measured [31], with the test per-
formed in random order for the left (CSRL) and right (CSRR) sides. For each side in random
order the measurement was repeated three times and the average value recorded. Jones et al
have shown in a study of older women that the CSR has good intra-class test-retest repeatabil-
ity (R =0.96) [31].

[3] Measurement of gait. For analysis of gait, a measurement was obtained of Timed Up
and Go (TUG) which refers to the time taken by the participant to stand up, walk 3 meters,
turn around, walk back 3 meters and sit-down [34].

[4] Measurement of cognition. The Barthel Activities of Daily Living Index (BADL) was
used to measure the functional abilities of participants in performing ten activities of daily living
[35]. In addition, the Rosenberg Self-Esteem Scale (RSES) was used to measure the mental state
of the participants [36]. For both BADL and RSES Thai versions of the tests were used [37].

Control group program

The Control Group did not perform any exercise that would act as a comparison to SSG, nor
any movement activity that would act as a control to facilitate the study of particular elements
of SSG. The rationale for this is that our interest is to investigate the potential benefits of incor-
porating SSG within normal daily living. Therefore, to control for any effects or variations that
might arise on account of, for example, seasonal changes which could influence general activity
levels, the same outcome measures were obtained, and questionnaires completed, by the Con-
trol Group at the same time intervals and on the same date as for the Exercise Group.
Throughout the study investigators also spoke with members of the Control Group to ensure
that it would be known if any of the participants adopted significant lifestyle changes that

PLOS ONE | https://doi.org/10.1371/journal.pone.0282405 May 25, 2023 7/17


https://doi.org/10.1371/journal.pone.0282405

PLOS ONE

Benefits of Shuai Shou Gong (SSG)

could affect the aims of the study. Motivation for compliance was maintained because, as
stated above, after the eight week experiment, the investigators administered the same SSG
program to the Control Group.

Data analysis

In order to assess whether the measurements of the outcome variables were normally distrib-
uted the Shapiro-Wilk test was used. This analysis revealed that all outcome measures (i.e.
C7WD, SH, BSL, BSR, CSRL, CSRR, TUG, BADL, and BSES) in both the Exercise Group (EG)
and the Control Group (CG) were not normally distributed. Non-parametric Multivariate
Analysis of Variance (MANOV A) was therefore performed to investigate whether a significant
interaction effect existed between group and time for the 8 week SSG training for the set of all
outcome measurements and for the four categories of (1) Posture (C7WD and SH), (2) Flexi-
bility (BSL, BSR, CSRL and CSRR), (3) Gait (TUG) and (4) Cognition (BADL and RSES). The
particular analysis that was performed used the MANOVA.RM package of R software (R Core
Team (2020). R: A language and environment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. URL https://www.R-project.org/). A Modified ANOVA--
Type Statistic (MATS) p-value of < 0.05 was considered for analysis of the set of all variables,
since the covariance matrix was singular. Subsequently, a Wald-Type Statistic (WTS) p-value
of < 0.05 was considered for the analysis of the four categories as the covariance matrix was
not singular.

Results
Progress through the trial

Demographic information relating to the participants in the Exercise Group and the Control
Group is presented in Table 1. There is good matching between the two groups with no signifi-
cant differences in average age, height, weight and heart rate of the two groups. A minor, but
not clinically significant, difference in blood pressure was observed between the two groups.
However, there is no significant difference in the value of MAP between the Exercise group
and the Control group and the value in both groups is at the midpoint of the normal range of
70 and 110 mm Hg, providing further evidence of good matching between the Exercise group
and the Control group.

All the women in the Exercise Group completed the SSG training, no participant became
unwell during any of the SSG training sessions and no adverse events were recorded. SSG has

Table 1. Baseline demographic information (mean + SD) for participants in the Exercise Group and Control
Group.

Exercise Group (n = 28) Control Group (n = 28) p-value
Age (years) 68.3+5.6 69.4+4.4 ns
Height (cm) 151.3+5.3 150.9+5.3 ns
Weight (kg) 59.8+9.3 57.8+7.7 ns
Body Mass Index (kg/m?) 26.1£3.8 25.1£2.6 ns
Blood Pressure
Systolic blood pressure (mmHg) 122.1£22.6 134.6+14.4 P<0.05*
Diastolic blood pressure (mmHg) 67.6£12.6 66.919.1 ns
Mean arterial pressure (mm Hg) 85.8+14.5 89.5+7.8 ns

*indicates statistically significant difference as analysed using unpaired t-tests (p<0.05).

https://doi.org/10.1371/journal.pone.0282405.t001
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been developed as an exercise that is especially suited to being performed by older adults.
Without any exception the participants enjoyed performing the gentle, rhythmic, non-strenu-
ous, non-competitive, physical activity together and with no need to over reach, risk take or
put undue pressure on themselves to perform. Furthermore, as described above, a health
check had been performed with a doctor present for all participants at the start of the training
and on each occasion that the group met a sizable team was in attendance to check and ensure
that, participants always remained comfortable to take it easy or take a rest. There were also no
drop-outs in the Control Group. All subjects completed all assessments and therefore a com-
plete dataset could be analyzed referring to a total of 56 participants.

Results of non-parametric MANOV A analysis

Results for the outcome measures are presented in Table 2 and plotted in Fig 3, which shows
the changes recorded at the four time points of prior to, one day after, four weeks after, and at
the end of eight weeks of SSG training. The 8 week SSG training course produced a significant
interaction between group and time for the combined set of all outcome measures (C7WD,
SH, BSL, BSR, CSRL, CSRR, TUG, BADL, and BSES) (MATS p-value < 0.001) and the four
categories of posture, flexibility, gait, and cognition (all WTS p-values < 0.05). Posture
improved significantly in the Exercise Group compared to the Control Group over the SSG
study period, as reflected by a decrease in C7WD and increase in SH. Flexibility also showed
significant improvements with increases in BSL, BSR, CSRR, and CSRL consistent with predic-
tions. With regard to gait, TUG became significantly shorter for participants in the Exercise
Group compared to the Control Group. In addition, with regard to cognition there were sig-
nificant improvements in both BSES and BADL scores in the Exercise Group compared to the
Control Group.

Time of onset of significant changes in outcome measures in the treatment
group

No significant interaction effect between time and group was found after either one session or
four weeks later for all four categories, namely Posture, Flexibility, Gait and Cognition (all
WTS p > 0.05) with significant effects only arising after eight weeks (all WTS p < 0.05).
Although alterations were shown to be gradual over time the minimum period required to
show significant benefit from performing SSG training was 8 weeks.

Changes in outcome measures in the Control Group (CG)

No significant changes in posture, flexibility or cognition were identified in the Control Group
over the measurement period (WTS p > 0.05). However, the value of TUG for participants in
the Control Group showed a significant deterioration by increasing measurement values over
the 8 weeks (WTS p = 0.003). Thus, whereas a significant improvement in gait was produced
by performing SSG training, there was actually a significant decline in gait performance over
the 8 week period if no training was conducted.

Discussion

The main findings of the study are that an 8 week course of training in SSG produced a signifi-
cant interaction between group and time for the combined set of all outcome measurements
(C7WD, SH, BSL, BSR, CSRL, CSRR, TUG, BADL, and BSES) (Modified ANOVA-Type Sta-
tistic (MATS) p-value < 0.001) and for the four categories of posture, flexibility, gait, and cog-
nition (all Wald-Type Statistic (WTS) p-values < 0.05) and in all cases the changes in the
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Table 2. Nine outcome measures recorded at four time points, namely prior to, during (i.e. after 1 day and after 4 weeks) and at the end of (i.e. after 8 weeks) of
SSG training in the Exercise Group (EG), and at corresponding times in the Control Group (CG). The measures include CWD, SH, BSL, BSR, CSRL, CSRR, TUG,

BADL and BSES. Values are shown as mean and SD with units indicated in parentheses. BADL and BSES indicate score values for the relevant questionnaire.

Outcome Group (n =28) Baseline 1 day 4 weeks 8 weeks
C7WD (cm) EG 3.94+ 1.74 2.87 £1.43 2.16 £ 1.17 1.68 £ 0.93
CG 3.63 £1.30 3.62+1.27 3.71 £ 1.36 3.71£1.30
SH (cm) EG 151 £5.29 152 + 6.04 152 £5.52 153 £5.40
CG 151 £ 5.30 151 £5.13 150 + 4.96 150 + 4.66
BSL (cm) EG -19.0 £ 12.5 -16.5+11.8 -14.8 £ 104 -11.4 £ 10.1
CG -16.0 £ 8.78 -16.9 + 8.97 -17.1 £ 8.79 -17.1 £ 8.83
BSR (cm) EG -10.7 £ 13.8 -9.58 + 13.1 -9.42 +12.7 -5.08 £ 11.1
CG -12.5+13.7 -16.7 +14.2 -17.5+14.7 -17.0+16.0
CSRL (cm) EG 5.20 £ 6.36 6.15 £ 6.25 7.83 £ 6.65 10.0 £ 7.11
CG 5.62 + 8.70 5.59 + 8.64 5.51 + 8.46 5.64 +9.22
CSRR (cm) EG 4.95+6.10 6.11 £ 6.25 8.75 + 6.03 10.3 +5.06
CG 4.80 £ 9.45 4.84 +9.22 4.71 + 8.68 4.85 +9.30
TUG (s) EG 9.30 + 1.65 9.12 + 1.54 8.86 + 1.34 8.00 = 0.99
CG 9.66 + 0.64 9.72 + 0.66 9.95+ 0.74 10.1 +0.72
BADL EG 96.6 + 3.86 96.8 £ 3.66 98.0 + 2.84 99.5 £ 1.58
CG 96.8 £2.79 96.2 £2.93 96.4 + 3.00 97.0 + 2.84
BSES EG 25.4 +2.85 25.5+£2.92 28.0 £ 3.06 30.9 +4.20
CG 24.9 £ 2.30 249 +£2.21 249 +£2.74 25.1£2.35

https://doi.org/10.1371/journal.pone.0282405.t1002
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Fig 3. Plots of changes in the outcome measures for subjects in the Exercise Group (filled circles) and Control Group (open circles) during the 8-week SSG
training program. Error bars indicate mean + SD with units indicated in parentheses. The Posture measures C7WD and SH are plotted in (a) and (d), respectively.
The Flexibility measures BSL and BSR, are plotted in (b) and (e), and CSRL and CSRR are plotted in (c) and (f), respectively. The Gait measure TUG is plotted in
(g). The Cognition measures BADL and RSES are plotted in (h) and (i), respectively. The direction of the short red arrow denotes the direction of change that is
predicted to represent a beneficial effect and the direction of the short blue arrow denotes a deterioration.
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Exercise Group were in the direction predicted as being beneficial. No significant interaction
effect between time and group was found after either one session or four weeks for any of the
categories (all WTS p > 0.05) with significant effects only arising after eight weeks (all WTS

p < 0.05). Thus although beneficial changes occurred over time the minimum period required
to produce statistically significant benefit from performing SSG training was 8 weeks. For the
Control Group no significant changes were identified for posture, flexibility and cognition,
however a significant deterioration was observed in gait with TUG increasing significantly
over 8 weeks (WTS p = 0.003).

The significant reduction in CZWD and increase in SH is consistent with a reduction in for-
ward head position of participants after eight weeks of SSG training. Forward head position
increases as a result of aging, osteoporosis and disability [38]. Many exercise programs such as
stretching, balance, strength, endurance training, Pilates, elastic band resistance training, train-
ing of the cranio-cervical flexor muscles and endurance-strengthening of the cervical flexor
muscles are also likely to have beneficial effects on posture such as have been reported in the
present study [39-43]. However, SSG has the particular advantage of being simple, easy and
enjoyable to perform in the community, mobilizes many important joints, including shoulder,
elbow, hip, knee, and ankle, and is expected to increase joint stability and the mitigation of
undue loads on joints and soft tissues, which will assist in the maintenance of good posture [44].

The results of the Back Scratch test (BSL and BSR) and Chair Sit and Reach test (CSRL and
CSRR) showed that there was a significant improvement in flexibility in the Exercise Group
compared to the Control Group and, as for posture, all flexibility measures exhibited gradual
changes in the predicted direction during the period of training (Fig 3). Repeatedly swinging
the arms stimulates the nerves, tendons and muscles surrounding the shoulder joint. Further-
more, repeat contractions of latissimus dorsi and gluteus maximus muscles can result in force
being transferred via the lumbar fascia to increase rotation of the torso [45].

The 8 week SSG training program also produced a significant improvement in TUG. On
the fifth swing of SSG, participants are required to slightly bend their knees and dip down
twice, once on the backward swing and again on the forward swing. Thus, during this element
of the SSG exercise there is a coordinated movement involving both hamstrings and quadri-
ceps which is likely to increase the ease of performing sit-to-stand and maintenance of body
stability in TUG [46-48]. The reduction in TUG can also be interpreted to reflect an increase
in Gait Speed (GS) and which is consistent with the report by Shigematsu et al. [49], that a
combination of aerobic dance and balance exercises produced improvements in lower limb
muscle strength, one-leg balance, functional extension and GS in adults. All of the major mus-
cle groups that are involved during the gait cycle, namely gluteus maximus, iliopsoas, ham-
strings, quadriceps, triceps surae, tibialis anterior are conditioned by the performance of SSG,
and although in SSG there is no actual forward movement, as reported by Henwood and
Taaffe (2006) [50], obtaining increased muscle strength and body stability can contribute to
enhancements of walking and hence GS. In addition, Barnett et al. (2003) [51] reported that
combination training may have a beneficial effect on gait and, because SSG combines aerobic
fitness and upright balance training with lower limb exercise, SSG can be expected to have a
similar effect.

Finally, the results of the questionnaires provided evidence of the wide ranging benefits of
SSG relevant to cognition. In particular, the results of the Barthel Activities of Daily Living
Index (BADL) questionnaire showed that enhancements had occurred in the ease of perform-
ing typical activities of daily living, such as washing, dressing, preparing food, in the Exercise
Group compared to the Control Group. This finding is consistent with reports that other exer-
cise, including Qi-Gong [52], Pilates training [53], and aerobic and resistance exercise [54]
have been shown to improve the activities of daily living in older adults. In addition, exercise
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can lead to improvements in mental state and a report that exercise has a positive effect on self
esteem, even in the short term [47], is supported by the results of the Rosenberg Self-Esteem
Scale (RSES) questionnaire in the present study.

There are two observations relating to the data that were acquired and the findings obtained
in the present study that should be discussed. Firstly, there are no missing data for all 56 partic-
ipants for the measurements that were recorded at baseline and after 4 and 8 weeks of SSG
training. Perhaps it is surprising that the database entries are complete and that the need never
arose to impute missing values. However, there are two reasons that may account for this.
Firstly, the SSG classes that were offered to the Community were extremely popular and there
was great enthusiasm to participate and attend all the sessions that were offered. This was
probably because SSG is a gentle exercise that is comfortable to perform, is expected to have a
positive effect on health and well-being, was offered within a convenient setting at a conve-
nient time, and, not least, was performed in a group setting which reduces inhibitions, and
increases engagement and enjoyment. The participants were also interested to learn at the end
of the study whether the exercise was proven to be beneficial for the Community. Secondly,
the outcome measures were recorded by a dedicated team of young researchers who engaged
with the members of the community and always offered gentle encouragement and kind
support.

Secondly, for the combined set of all outcome measurements (C7WD, SH, BSL, BSR, CSRL,
CSRR, TUG, BADL, and BSES) and for the four categories of posture, flexibility, gait, and cog-
nition an 8 week course of training in SSG produced a significant interaction between group
and time and in all cases the changes in the Exercise Group were in the direction predicted as
being beneficial. Therefore there is perhaps some concern about the fact that in making mea-
surements and assessments, the investigators were not blinded to whether participants were
from the Exercise group or the Control group, and they also knew whether the measurement
referred to Baseline, or to after 4 or 8 weeks of SSG training. This potentially creates a situation
that is contrary to the principle of equipoise whereby investigators involved in both designing
and carrying out clinical trials should be free of any preferences. However, complete blinding
would have been very impractical in the present study and great care has been taken to avoid
the potential of biases being introduced. There are several facts that suggest that the results
that have been obtained are reliable. In particular, the outcome variables were objectively mea-
sured using standardised procedures involving the use of accurate measuring devices, rulers
and a stop watch, the observer could not see a record of previous measurements when record-
ing the potential change that had occurred after 4 weeks, and then between 4 weeks and 8
weeks. Furthermore, none of the outcome variables that have been studied can be described as
exploratory or speculative, and it was not unexpected that improvements in posture, flexibility
and gait would occur together in a person who is functioning better as a result of exercising.

There are also some more general limitations to be discussed. Firstly, there is an element of
subjectivity in the measurement of some of the outcome variables. For example, when record-
ing standing height and C7WD as measures of posture it is possible, consciously or perhaps
unwittingly, to encourage a participant to stand tall. Provided the chair and the distance to be
covered is the same on each occasion, the situation is less subjective when a stop watch is used
for TUG measurements. However, ultimately, it is desirable for a study such as the present one
to be performed using entirely objective measurement systems such as a 3D motion analysis
system and Electromyography. Secondly, while there is no evidence of any systematic errors
[55] being present in the measurements, these could have been introduced by, for example,
recording TUG using a different type of chair, or different distance measurement, at say 4 or 8
weeks. Suzuki et al. (2016) [56] have described a method whereby, if they are recognised, treat-
ment of systematic errors can be included in the analysis. Thirdly, only two Communities
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were studied, one which served as the Exercise group and one as the Control group. In future
work it is important to study whether the same benefits of SSG training are replicated in other
Communities, and consideration should be given to comparing the SSG training groups with
groups performing an alternative exercise. One advantage of studies of the effect of exercise
training programmes is that there is only a small chance of transference of effects between
clusters, compared to if, for example, recommendations regarding medication, dietary changes
or behaviour modification were shared between members of the two groups. Fourthly, only
female participants were recruited, and it will be interesting to repeat the study in a male popu-
lation and also to study both women and men with a wide range of ages.

In addition to the above consideration of potential limitations of the study, the cluster
based sampling scheme should also be discussed further. If the Exercise group had been
recruited through contacting, for example, a Yoga Club and the Control group by contacting a
Chess Club it is likely that participants from the Yoga Club may be physically more flexible at
the start of the study and perhaps readily become more flexible as the training progressed so
confounding an investigation of the benefits of SSG. More subtly, a similar confound could
have been introduced if perhaps one of the Communities was located near to a transport route
so that residents were frequently employed in office work in the city whereas the other Com-
munity was in a more remote location and residents worked locally and were engaged in farm-
ing and physical work. Hess et al. (2015) [57] have described how in designing a cluster based
study the number of participants should be increased to take account of the above consider-
ations and ensure appropriate significance levels and power. In retrospect, this so-called design
effect could have been considered in performing the power calculation for the present study.
However, the present study, has revealed significant benefits of SSG training in terms of Pos-
ture, Flexibility and Gait and what is important now is to investigate whether the benefits of
SSG can be reproduced in other Communities and in the population at large. In view of SSG
being a group activity, cluster sampling will remain a key aspect of the design of future experi-
ments. Methods for calculating the number of clusters, and the number of participants to be
recruited per cluster, have been developed [58, 59] and are discussed by Hemming et al. (2011
and 2017) [60, 61].

Conclusion

An 8 week program of Shuai Shou Gong (SSG) training delivered over twenty four sessions to
28 older women from the same community, and to a Control Group, produced a significant
interaction between group and time for the combined set of all outcome measurements
(C7WD, SH, BSL, BSR, CSRL, CSRR, TUG, BADL, and BSES) (MATS p-value < 0.001) and
for the four categories of posture, flexibility, gait, and cognition (all WTS p-values < 0.05). In
all cases the changes in the Exercise Group were in the direction predicted to be beneficial.
Taken together, these findings demonstrate that the gentle, rhythmic, whole body sequence of
movements of SSG may be readily learned and enjoyed in a group setting by older adults and
improves general health and well-being. In future studies, it will be interesting to further inves-
tigate the mechanisms by which the ancient practice of SSG has produced the benefits docu-
mented in this RCT.
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